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φL1,k . . . φ
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< α ≤ π
4
∀ (j, k) ¥¨gxfhZYPfbV1i |x| ≥ R − λ.
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cosβ(θ, r) cos θ + sinβ(θ, r) sin θ ≥ 0. ¡.kth£
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CS := {x ∈  e 2 : R − αλ
2π
≤ |x| ≤ R + αλ
2π

































ūj(φj , Aj , λ)
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m(θ) ≡ m QfbVxijUfhP[C GZV4LOCkjRTZ`-V4t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|β1 − β2| < ε
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ūλ(x, ρ) = ūλ(x0)
√
ρ
















∣u(r, δ) − ū
jZYj













|u(r, `∆δ) − ūλ(x0)F`(ρ; δ, β, λ, r)| ,
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g6`hZV^RTP
R [cos(θq), sin(θq)]
R [cos(θq + ∆θq/2), sin(θq + ∆θq/2)]







∇xφ = [cos(β), sin(β)]
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q+1 + `δθ ≤ θ̃maxq+1 .
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(mmin − mmax)! × m
max
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κα , . . . , c
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cφ0,1 . . . , c
A
0,1 . . . , c
φ
0,j , . . . c
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q+1 + c · (θmaxq − θminq ),
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βj(θ), j = 1, . . . , 3
fhY[CdyhZhCUV4ZV#R[>AC¤`-`ZVxyRfbsAC K
β1 β2 β3 m(θ)
−π4 ≤ θ < π4 7π4 0 π4 3
π












2 ≤ θ < 5π4 3π4 π 5π4 3
5π








3 ≤ θ < 7π4 7π4 − − 1
¡     £
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q = 1, . . . , #S
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No boundary condition, λ = 0.01 m. 
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 5 $   µ  3 ± 1 ±   ±
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θ = 0
fhVxi
θ = 30 deg
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LQZVxjC "C WxP[C P4(φ)
 P3(A)





























R[>ACUV#"C¤VACCki O(λ−1)  `-fRTZVxy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γ
"C¤>ACV1jCVACUCUi O(λ−1.5)  `^fR[ZVAy g1`-ZV^R`-g1CUYTfbR[Z`hVxPU©
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= 5 $ 5    µ  3 ± 1 ±   ±
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50 < θ < 310 deg
fbVxiiAZ§8YTf-jRTZ`-V





















fhY[Cd`b O(λ) >AZCIRT>ACCUY[YT`hY ZV
φ
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u(1,θ) = 0, λ = 0.01 m. 
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=?>AC O(λ−2.5) j`-B gxC¬OZRSN­j`-WAis1C¤j`-B g1fbYTCUiD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45 < θ <
90 deg
fbV1i|YTC  CkjRTZ`-V
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u(1,−π < θ < π) = 0, λ = 0.01 m. 












u(1,−π < θ < π) = 0, λ = 0.01 m. 
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